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(57) ABSTRACT 

A device, a system and a method for detecting an irregularity 
in a structure of an aircraft are proposed. The device includes 
a resonant circuit with a resonance frequency and a probe for 
tuning the resonance frequency of the resonant circuit. The 
resonant circuit and the probe are operatively connected in 
Such a way that the probe changes the resonance frequency of 
the resonant circuit if the structure changes due to a formation 
of an irregularity. 

4 Claims, 2 Drawing Sheets 
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RREGULARITY DETECTION INA 
STRUCTURE OF AN AIRCRAFT 

FIELD OF INVENTION 

The present invention relates to irregularity detection in a 
structure of an aircraft. In particular, the present invention 
relates to a device for detecting an irregularity in a structure of 
an aircraft. Furthermore, the invention relates to a system for 
detecting an irregularity in a structure of an aircraft, a method 
for detecting an irregularity in a structure of an aircraft, an 
aircraft comprising the devicementioned above and the use of 
a device mentioned above. 

TECHNOLOGICAL BACKGROUND 

In air traffic the security of vehicles is of crucial impor 
tance. Each vehicle is monitored for malfunctions and irregu 
larities between flights and great effort is made to keep and 
improve the security during maintenance. 

For the detection of cracks on Surfaces or injunction points 
of components of an aircraft different sensors may be 
employed. For example, electric probes may be used which 
change their electric properties due to the formation of a 
crack. However, Such sensors need a power Supply and are to 
be connected to an analyzing unit for crack detection. It may 
be necessary to traverse large distances to the analyzing unit. 
Thus, the cabling can be time, space, weight and cost con 
Suming. Furthermore, the maintenance of the power Supply 
may be time consuming. 

SUMMARY OF THE INVENTION 

Accordingly, there may be a need for an improved device 
for detecting irregularities in a structure of an aircraft. Fur 
thermore, there may be a need for a system and for a method 
for detecting an irregularity in a structure of an aircraft. 

According to a first aspect of the invention, a device for 
detecting an irregularity in a structure of an aircraft is pre 
sented. The device comprises a resonant circuit with a reso 
nance frequency and a probe for tuning the resonance fre 
quency of the resonant circuit. The probe is attachable to the 
structure and the resonant circuit and is the probe are operably 
connected in Such away that the probe changes the resonance 
frequency of the resonant circuit, if the structure changes due 
to a formation of an irregularity. 

In other words, the first aspect of the present invention may 
be seen as based on the idea to enable wireless monitoring of 
the intactness of structures of an aircraft. A resonant circuit 
with a resonance frequency is operably connected to the 
probe. The probe is adapted to change the resonance fre 
quency of the resonant circuit for example by inhibiting an 
oscillation of energy in the resonant circuit or by changing the 
dispersion of the energy in the resonant circuit. The probe can 
be attached to the structure of the aircraft and modifies the 
resonance frequency of the resonant circuit to which it is also 
connected. The modification in the resonance frequency is 
caused by a change in the structure of the aircraft. The struc 
ture changes due to a formation of an irregularity which can 
for example be the creation of a crack or a change in the shape 
of the structure of the aircraft. 

In the following possible features and advantages of the 
device according to the first aspect will be explained in detail. 
The device as described above may function in the follow 

ing way. The probe with a resonant circuit is attached to the 
structure of the aircraft. Then an irregularity in the structure 
for example in the surface of the skin is formed which causes 
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2 
a damage to the probe. The damaged probe causes a change in 
the resonance frequency of the resonant circuit connected 
thereto. The change in resonance frequency can then be 
detected by a detecting device. 

It should be noted however, that it is not necessary that the 
formation of the irregularity damages the probe. According to 
another exemplary embodiment of the invention, the forma 
tion of the irregularity (e.g. a bending of the aircraft structure) 
bends the probe and thus changes the conductivity of the 
probe, which in turn results in a change of the resonance 
frequency of the resonant circuit. 
An irregularity can be for example a crack or a change in 

shape of the structure of the aircraft like for example a bend 
ing of elements of the aircraft. The irregularity can be for 
example caused by an application of an external force, e.g. 
strong wind or a huge pressure difference during the takeoff 
and landing periods of the aircraft. 
The aircraft can be any vehicle adapted for air traffic, like 

for example an airplane or a helicopter. The structure of the 
aircraft to be monitored can be for example a foil, the skin, or 
the tail of the aircraft. The structure can also be a junction 
point of different elements of the aircraft. The structure can be 
plane or it can be for example an edge. 
The resonant circuit of the device can comprise a capacitor 

(C), an inductor (L) and possibly a resistor (R). These com 
ponents can be connected in series or in parallel. Energy will 
be exchanged periodically between the magnetic field of the 
inductor and the electrical field of the capacitor, causing an 
electrical oscillation. Thus, high currency and high Voltage 
are manifested at the different elements of the resonant cir 
cuit. The energy can be supplied from an external or an 
internal power source. The frequency (f) with which the 
change of the energy occurs is a typical parameter for describ 
ing the resonant circuit. The resonance frequency can be 
inversely proportional to the square root of the inductance L 
and the capacitance C. The resonance frequency can be in the 
range of kilo Hertz (kHz), mega Hertz (MHz) or giga Hertz 
(GHz). For systems like passive RFID tags a resonance fre 
quency of Some kHZ may be used, for systems which are 
detectable in a distance of some meters a resonance frequency 
of 10 to 1000 MHZ may be used and for long range systems a 
resonance frequency of Some GHZ may be used. 
The change in the resonance frequency can for example be 

a modification of the resonance frequency in Such a way that 
an oscillation and thus a resonance is is inhibited or prevented 
by the interaction of the resonant circuit with the probe. For 
example in this case if the structure is not damaged, no oscil 
lation is possible, and only if the structure and thus, also the 
probe is damaged (or otherwise changed), an oscillation is 
possible and a resonance frequency signal can be detected. 

Alternatively, the change in the resonance frequency can be 
a modulation of the resonance frequency in Such a way that 
for example if the structure is not damaged the energy in the 
resonant circuit can oscillate at a first resonance frequency 
and a first resonance signal can be detected. If the structure is 
damaged, the energy in the resonant circuit can oscillate at a 
second resonance frequency, which can differ from the first 
resonance frequency. Then the second resonance frequency 
can be detected. 
The probe which is operably connected to the resonant 

circuit can be a sensor element, for example, a crack wire 
which is sensitively attachable to the structure of the aircraft. 
Attachable can mean here that the probe can be stuck, glued, 
fixed or connected for example to the surface of the structure 
in Such a way that it is damaged if the structure is damaged or 
changed in any way. The probe can also be mechanically fixed 
to the structure. 
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For example, the probe can represent an electrical conduc 
tor, for example, a wire like a crack wire with a certain 
resistance (R). Furthermore, the probe can comprise a single 
wire or an arrangement of several wires, like for example a 
grid of wires. The value of the resistance (R) can influence the 
resonance frequency (f) of the resonant circuit. For example, 
if the wire is broken due to a change in the structure of the 
aircraft, the resistance value of the wire changes and thus, also 
the resonance frequency of the resonant circuit can change. 
By the employment of the device according to the first 

aspect of the invention, information on the intactness of the 
structure of the aircraft can be stored or possibly is imprinted 
on the device and can be read out any time in a wireless 
manner. Thus, no extensive cabling may be needed for the 
monitoring of the security of an aircraft. By avoiding the 
extensive cabling time, costs and weight may be saved. Fur 
thermore, the space needed for the cabling in the prior art can 
be used for other purposes. And additionally maintenance 
time may be saved due to the possibility of a binary informa 
tion output: either no signal, if the structure is intact, and a 
defined signal if the structure is damaged or broken, or if the 
structure is intact a first signal and if the structure is damaged 
a second signal. 

According to an exemplary embodiment of the invention, a 
change of the structure causes a damage of the probe due to a 
formation of the irregularity. 
The probe can be adapted to be fixed to the structure in such 

a way that it follows and adjusts to the shape of the structure. 
For example, the probe can be fixed to a support like a thin 
film which can be glued to the surface of the structure. The 
immediate damage to the probe due to a formation of an 
irregularity in the structure to be monitored can provide a 
direct detection, for example, of the creation of cracks in the 
Surface of a structure of an airplane and reduces the risk of 
severe damages. 

According to an exemplary embodiment of the invention, 
the device is adapted to be stimulated at a first resonance 
frequency, if the probe is not damaged and the device is 
adapted to be stimulated at a second resonance frequency, if 
the probe is damaged. 

The first frequency can be a resonance frequency of the 
resonant circuit with an intact probe, whereas the second 
resonance frequency can be a resonance frequency of the 
resonant circuit with a probe which is not intact. The second 
frequency can be higher than the first frequency, for example, 
the second frequency is much higher than the first frequency, 
so the difference is detectable by conventional detectors. If 
for example the probe is a thin wire it can have a resistance (R) 
near Zero in the resonant circuit. When the wire is cracked, the 
resistance changes to near infinity. In a resonance circuit with 
an adequate design a resistance of the wire near Zero can 
cause the first resonance frequency with an intact probe to be 
lower than the second resonance frequency with a damaged 
probe. 
The probe can also shorten the resonant circuit. For 

example it can shorten an inductor (L) and/or a capacitor (C) 
of the resonant circuit. Also here the probe can be a thin wire 
which closes and thus, shortens the resonant circuit and has a 
resistance which is near Zero Ohm. If the wire is cracked due 
to a formation of an irregularity in the structure, the resonant 
circuit is not shortened any more and the energy in the reso 
nant circuit can oscillate at a predefined second frequency. In 
this case, if the probe is not damaged, the first resonance 
frequency can not be detected. 
The stimulation of the resonance frequencies can for 

example be done by sending an electro magnetic wave like a 
radio wave with an appropriate frequency to the device. 
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The existence of two different resonance frequencies can 

be very advantageous, because the device can thus provide 
different types of information. On the one hand, if the device 
can be stimulated at the first resonance frequency it can be 
assumed that the probe is not damaged and thus also the 
structure to be monitored is not damaged and intact. On the 
other hand, in the case that the device can be stimulated at the 
second resonance frequency it can be assumed that the probe 
is damaged and thus also the structure to be monitored is 
damaged. Then the necessary steps like for example the 
exchange of the structure or of its parts can be initiated. 
Furthermore, if the device can not be stimulated at any of the 
two resonance frequencies, it can be assumed that the device 
is damaged as a whole and no conclusion on the state of the 
structure can be deduced. In this way the functionality of the 
device and also the intactness of the structure may be moni 
tored. 

According to a further exemplary embodiment of the 
invention the resonant circuit is part of an RFID tag. 

Radio Frequency Identification (RFID) is a method for 
automatic identification based on storing and remotely 
retrieving data using RFID tags or so-called transponders. 
The storing and retrieving of data is done using radio waves. 
The RFID tag is an object that can be applied or incorpo 

rated into a structure and which can, when stimulated by radio 
waves, be read out from several millimeters to some hundred 
meters away from the structure. The RFID tag can contain an 
integrated circuit for storing and processing information and 
modulating and demodulating the radio frequency signal. The 
radio frequency signal can be for example modulated and 
demodulated by an Identification Integrated Circuit (IDIC), 
which can also be part of the RFID tag. The RFID tag also 
contains an antenna for receiving and transmitting a signal, 
this antenna can for example be an inductor, which is part of 
the resonant circuit. 
The RFID tag of the device can be an active or a passive 

element. An active RFID tag can emit information continu 
ously, whereas a passive RFID tag only emits information like 
for example the IDIC only when stimulated by an external 
energy source. The RFID tag can contain an internal energy 
Source or be excitable by an external energy source. A passive 
RFID tag may be used for a device according to the invention 
because in this case no continuous energy Supply would be 
required and only when necessary for example during main 
tenance the passive RFID tag may be stimulated. This may 
save costs for example by avoiding the use of batteries. 
The embodiment of the resonant circuit as part of an RFID 

tag is advantageous because an already existing and estab 
lished technique can be employed as part of the device, which 
can facilitate the development and design of the device and 
possibly reduce costs. Furthermore, by using an RFID tag for 
each device an individual identification number (IDIC) can be 
detected and hence each malfunction or damage can be 
located relatively exactly and identified in a short period of 
time. 

According to a further exemplary embodiment of the 
invention the probe is a crack wire and the resonant circuit is 
an LC circuit. 
An LC circuit consists of an inductor (L) and the capacitor 

(C), possibly also a resistance (R), which are connected 
together in series or in parallel. An electrical current can 
alternate between these components at the frequency (f) 
which is indirectly proportional to the square route of the 
inductance and the capacitance. A power source can be incor 
porated directly into the circuit, alternatively the energy for 
the oscillation is provided by an external power source as for 
example a radio frequency transmitter. 
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A crack wire is an electrical conductor like a wire, which 
can be attached to a structure and can adjust and align to the 
structure's shape. Moreover, the crack wire may be easily 
cracked, damaged or broken if the structure to which it is 
attached undergoes a change or modulation for example due 
to the creation of a crack on the surface of the structure. The 
crack wire may for example be electrically powered at one 
end and restore Voltage corresponding to the power Supply at 
the other end if the structure to be monitored is not broken. 
The employment of a crack wire in combination with an LC 
circuit may provide a relatively uncomplicated design of the 
device for detecting irregularities in a structure of an aircraft. 
The crack wire can be used as part of the resonant circuit and 
represent the resistance which modulates depending on the 
intactness of the crack wire. 

According to a further embodiment of the invention, the 
structure is one of a wing, a skin and a tail unit of the aircraft. 
The structure can be furthermore any junction point of the 

elements mentioned above or any further element of an air 
craft. 

According to a second aspect of the invention, a system for 
detecting an irregularity in a structure of an aircraft is pre 
sented. The system comprises a device according to one of the 
embodiments mentioned above and a readout unit adapted for 
reading out the device in a contactless manner. 
The readout unit can be adapted to send and receive signals. 

Preferably the signals are radio wave signals which comprise 
signals at the resonance frequency of the device described 
above. For example, a first and a second resonance frequency 
of the device are included in the signals. The signals of the 
readout unit in the different frequencies can be emitted suc 
cessively or at the same time. 
The readout unit can comprise a power Source or can be 

connected to an external power Source. Furthermore, the 
readout unit can comprise a display and/or an acoustic unit 
which may indicate possible malfunctions, damages and dan 
gers to the security of the structure to be monitored by vision 
and/or by Sound. The readout unit can also comprise an evalu 
ating and/or analyzing unit and be connected to a further 
system. 

For example, if the structure to be monitored is damaged, 
i.e. comprises an irregularity, the probe of the device 
described above is also damaged and thus changes the reso 
nance frequency of the resonant circuit. When the readout 
unit sends signals at the first resonance frequency it does not 
receive any significant signals is back from the device. When 
the readout unit sends signals at the second resonance fre 
quency which corresponds to a damage in the structure it 
receives a signal back possibly with an IDIC, so the damage 
may be identified exactly and also located. 
A contactless manner here denotes the transmission of 

signals without using cabling or wires. Information may be 
transferred over a certain distance here without the use of for 
example an electrical conductor. The described system may 
help avoiding extensive cabling and hence save space, time, 
costs and weight. 

According to a third aspect of the invention, a method for 
detecting an irregularity in a structure of an aircraft is pre 
sented. The method comprises the following steps: Stimulat 
ing a resonant circuit at a resonance frequency of the resonant 
circuit; receiving a signal from the resonant circuit, wherein 
the signal from the resonant circuit corresponds with a change 
of the structure due to a formation of an irregularity. 

According to a further embodiment of the invention, the 
method is carried out using a device according to the embodi 
ments described above. 
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According to a further embodiment of the invention, if the 

probe is not damaged an ID number of an RFID tag in which 
the resonant circuit is comprised is not readable. And if the 
probe is damaged the ID number of the RFID tag in which the 
resonant circuit is comprised is readable. 
The stimulating may be done for example with a readout 

unit as described above. 
According to a fourth aspect of the invention, an aircraft 

comprising a device as described above is presented. 
According to a fifth aspect of the invention, the use in an 

aircraft of a device as described above is presented. 
It has to be noted that embodiments of the invention are 

described with reference to different subject-matters. In par 
ticular, some embodiments are described with reference to 
apparatus type claims, whereas other embodiments are 
described with reference to method type claims. However, a 
person skilled in the art will gather from the above and the 
following description that, unless other notified, in addition to 
any combination of features belonging to one type of subject 
matter also any combination between features relating to 
different subject-matters is considered to be disclosed with 
this application. 
The aspects defined above and further aspects, features and 

advantages of the invention may also be derived from the 
examples of embodiments to be described hereinafter and are 
explained with reference to examples of embodiments. The 
invention will be described in more detail hereinafter with 
reference to examples of embodiments but to which the 
invention is not limited. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a schematic representation of a device for 
detecting an irregularity in a structure of an aircraft according 
to an exemplary embodiment of the invention. 

FIG. 2A shows a schematic representation of a device for 
detecting an irregularity in a structure of an aircraft according 
to a further exemplary embodiment of the invention. 

FIG. 2B shows a schematic representation of a part of a 
device for detecting an irregularity in a structure of an aircraft 
in analogy to the embodiment presented in FIG. 2A. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 

The illustration in the drawings is schematically only. It is 
noted that in different figures, similar or identical elements 
are provided with the same reference signs. 

FIG. 1 describes a device for detecting an irregularity in a 
structure of an aircraft according to an embodiment of the 
invention with a crack wire which is shortening the resonant 
circuit. 
The device 21 for detecting an irregularity comprises a 

crack wire 13 and an RFID tag3. In the device 21 in FIG. 1 the 
probe which here is a crack wire 13 is intact and is attached to 
the structure 1 of an aircraft. The crack wire 13 comprises a 
resistance 11. The crack wire 13 is furthermore electrically 
connected to a resonant circuit 17 which is part of the RFID 
tag 3. The RFID tag 3 can be also attached to the structure or 
alternatively be loose. The resonant circuit 17 comprises an 
inductance 7 in the form of a coil antenna. A first capacitance 
9 which is in parallel to the inductance 7 is also included in the 
resonant circuit 17. An IDIC 5 is part of the RFD tag 3 and 
also is part of the resonant circuit 17. A crack 15 is present in 
the structure 1 of an aircraft which in FIG. 1 is not in the range 
of the device 21 for detecting an irregularity. 
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While the crack wire 13 is not damaged, i.e. intact, the 
resonant circuit 17 is shortened. Thus, if the device 21 is 
stimulated by a readout unit 23 at the resonance frequency of 
the resonant circuit 17, the ID number stored in the IDIC5 is 
not readable with the help of the readout unit 23. The ID 
number is readable only in the case that the crack wire 13 is 
damaged. Thus for example by Scanning a structure 1 of an 
aircraft to be monitored, where several devices 21 are applied 
only RFID tags 3 of the devices 21 with a broken crack wire 
13 announce themselves to the readout unit 23. This proce 
dure can save a lot of time during the process of maintenance. 

In FIG. 2A a device for detecting an irregularity in a struc 
ture of an aircraft according to a further embodiment of the 
invention is described. In the embodiment of FIG. 2A the 
crack wire 13 is tuning/detuning the resonant circuit 17. 
The design of the device 21 in FIG. 2A is similar to the 

design of the device 21 in FIG. 1 but the device 21 in FIG. 2A 
further comprises a second capacitance 19 which is in parallel 
to the first capacitance 9. The crack wire 13 with the resis 
tance 11 is in series with the second capacitor 19. In this 
embodiment if the crack wire 13 is cracked, the resistance 11 
is approximately infinity. If no crack 15 occurs, the resistance 
is approximately zero. In FIG. 2A the crack wire 13 is dam 
aged due to the occurrence of a crack 15 in the structure 1 of 
an aircraft. The resonance frequency of the resonant circuit 17 
can be approximately calculated according to the following 
equation for the circuit shown in FIG. 2A: 

1 
f = - – 

2. VL. (C., f R + C) 

where L is the inductance 7, C is the first capacitance 9, C is 
the second capacitance 19, and R is the resistance 11. 

If the crack wire 13 is not damaged, the resistance 11 can be 
approximated by a value near Zero: Rs 0.2. Hence, the first 
resonance frequency f. converges to small values. 

If the crack wire 13 is damaged, the resistance 11 can be 
approximated by a value near infinity: Rasoo. Hence, the sec 
ond resonance frequency f. can be calculated according to the 
following equation: 

1 
f = -– 

27 W. L. C. 

Thus, if the crack wire 13 is cut, the resonance frequency is 
shifted to a higher frequency. In the case shown in FIG. 2A, 
the readout unit 23 can stimulate the device 21 at the second 
resonance frequency and in this way detect the crack 15 in the 
structure 1 of the aircraft. 

In FIG. 2B a part of a device for detecting an irregularity in 
a structure of an aircraft in analogy to the embodiment pre 
sented in FIG. 2A is described. The resonant circuit 17 rep 
resented in FIG. 2B is in analogy to the resonant circuit 17 of 
FIG. 2A. Here it can be easily seen how the crack wire 13 is 
incorporated with its resistance 11 into the resonant circuit 
17. 

It should be noted that the term “comprising does not 
exclude other terms or steps and the “a” or “an does not 
exclude a plurality. Also elements described in association 
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with different embodiments may be combined. It should also 
be noted that reference signs in the claims should not be 
construed as limiting the scope of the claims. 

LIST OF REFERENCE SIGNS 

1 structure of an aircraft 
3 RFID tag (radio frequency identification tag) 
5 IDIC (identification integrated circuit) 
7 inductance 
9 first capacitance 
11 resistance 
13 crack wire 
15 crack 
17 resonant circuit 
19 second capacitance 
21 device for detecting an irregularity 
23 read-out unit 

The invention claimed is: 
1. A method for detecting an irregularity in a structure of an 

aircraft, the method comprising: 
providing a transponder stimulated by a radio signal at a 

resonance frequency of a resonant circuit of said tran 
sponder, wherein 
a probe is connected to the resonant circuit so that, when 

probe is not damaged, 
said resonance frequency is significantly modified from 

a second resonance frequency to a first resonance 
frequency, and 

the probe is sensitively attached to a surface of the struc 
ture, said probe being damaged in case of a structure 
change due to formation of an irregularity; 

deducing that the structure has an irregularity if a return 
signal is received from the transponder and an ID 
number of an RFID tag, in which the resonant circuit 
is comprised, is readable when stimulating the tran 
sponder using a stimulating signal at the second reso 
nance frequency of the resonant circuit; and 

deducing that the probe is not damaged and the struc 
tures has no irregularity if the transponder returns a 
signal and the ID number of the RFID tag, in which 
the resonant circuit is comprised, is not readable when 
stimulated using a stimulating signal at the first reso 
nance frequency. 

2. The method according to claim 1, wherein it is deduced 
that the probe is damaged and the structures has irregularities 
if the transponder don't return a signal when stimulated using 
a stimulating signal at the first resonance frequency and 
returns a signal when stimulated using a stimulated signal at 
the second resonance frequency. 

3. The method according to claim 1, 
wherein it is deduced that the transponder is damaged if the 

transponder is not stimulated for both stimulating sig 
nals using first resonance frequency and second reso 
nance frequency. 

4. The method according to claim 1, 
wherein the probe is sensitively attached to a surface of the 

structure by Sticking or gluing. 
k k k k k 


